Metal-mediated protein oxidation: applications of a modified ELISA-based carbonyl detection assay for complex proteins.
Therapeutic proteins are prone to oxidative modification during manufacturing, processing, and storage that may lead to degradation, aggregation, and immunogenicity. Protein carbonylation is an irreversible oxidative modification and has been identified as a hallmark of severe oxidative stress but not extensively studied for its impact on the stability and activity of therapeutic proteins. We describe the application of a modified ELISA-based method to quantify global levels of carbonyl modification of complex proteins. We investigated protein oxidation of large protein molecules (transferrin, rabbit IgG, or β-glucosidase) and complex protein samples (human plasma) that were either stored in different buffer formulations, with varying amounts of divalent iron, or under different storage temperatures to determine the impact of different physicochemical stresses on carbonyl modifications. The modified ELISA allows for sensitive and specific carbonyl quantification with measurements that closely match those determined with the conventional spectrophotometric method. The method was useful for complex protein mixtures such as cell lysates without the need for additional procedures to remove DNA and RNA. Our findings demonstrate significant oxidative modification of each of the proteins stored in commonly used buffers and excipients at 37°C, 23°C, and 4°C. The carbonyl levels were further exacerbated with addition of trace amounts of Fe(2+). We also measured the extent of protein aggregation under oxidizing conditions. Collectively, our results indicate the importance of better characterizing carbonyl modification of proteins during their storage and use.